Why and how RNAi causes toxicity is not fully understood. One proposal is that the exogenously added shRNAs may compete with endogenous microRNAs (miRNAs) for the same cellular machinery that allows the RNAi-mediated silencing process to take place [5, 6] . Additionally, RNAi has been proposed to be involved in the response to viral infection in vertebrates [7, 8] . Indeed, cellular miRNA restricts the replication of the primate foamy virus-1 in human cells [9] . It has also been shown that Dicer, which is responsible for miRNA processing, inhibited HIV-1 replication in peripheral blood mononuclear cells [10] . Furthermore, RNAi and the IFN system may cross-react, and excessive exploitation of RNAi may affect the whole defensive system [11] [12] [13] . It has been shown, for example, that adenoviral virus-associated (VA) RNA I prevents the activation of protein kinase R and at the same time acts as a suppressor of RNAi [14, 15] . Thus, model systems for testing the effects of viruses or gene delivery vectors on the RNAi system should be considered.
We have recently shown that in IFN-deficient Vero cells the knockdown of Dicer, a key component of the RNAi machinery, leads to accelerated cell death upon infection with influenza A virus and to an increase of virus production. These effects were much weaker in the IFNproducing alveolar epithelial A549 cell line [11] . These results suggested that the involvement of RNAi in the antiviral response is overshadowed by the IFN system. Importantly, viruses have developed strategies to evade the IFN response, either by limiting IFN production or by blocking IFN actions [16] . Thus, Vero cells may provide valuable information on the role of RNAi in the complete absence of IFN.
In this study, we first tested whether Dicer is involved in the antiviral response of Vero cells infected with other evolutionarily distinct viruses. In doing so, we knocked down Dicer by transfecting the cells with siRNAs against it [17] . siRNA against luciferase [18] -siLuc -served as a negative control. Transfection efficiency in Vero cells was around 80% ( fig. 1 a) . We could achieve 70-80% downregulation of Dicer, as measured by protein level ( fig. 1 b) . Functional characterization of transfected cells using a reporter assay revealed that the knockdown of Dicer disrupts RNA silencing ( fig. 1 c) . As the next step, the transfected Vero cells were infected with vesicular stomatitis virus (VSV), poliovirus type 1 and influenza A virus. In all the cases, knockdown of Dicer led to accelerated death of infected cells ( fig. 2 a-c) . The infection of another IFNproducing cell line (Hela) with poliovirus showed no difference between Dicer knockdown and control siLuc cells, which similar to the observation made for A549 cells infected with influenza A virus ( fig. 2 d, e). Thus, Dicer in Vero cells plays an important role not only in the case of influenza A virus, but also upon infection with other evolutionarily distinct viruses. Interestingly, hypersusceptibility to VSV infection due to impaired miR24 and miR93 expression has been previously shown in Dicer1-deficient mice [19] .
The results of the experiments described above demonstrate that the downregulation of Dicer makes Vero cells very sensitive to infection with different viruses. Interestingly, some RNAi-based gene delivery viral vectors may also affect and, in some cases, even saturate the RNA silencing pathway [3, 20] . It has been shown that adenoviral VA RNAs I and II may act as RNAi suppressors [15] . Adenoviral RNAs can inhibit Dicer function and can be processed to functional viral miRNAs that could help to saturate the silencing machinery [21, 22] . Wild-type adenovirus infection has been shown to inactivate the RNA induced silencing complex in tissue culture [15] . Also in our experiments, adenovirus caused accelerated cell death and the effect was weaker when a mutant VA RNAdeficient adenovirus [23] was used ( fig. 3 a) .
Thus, to assess the effects of adenoviral vectors on the RNAi system, we transduced Vero cells and control A549 cells with an adenoviral vector expressing green fluorescent protein (rAd-GFP) at equal MOI and subsequently infected the cells with influenza A virus. We used influenza A virus infection, since it has been characterized previously [11] . In control A549 cells the expression of GFP was lower (results not shown) and transduction had limited effects on cell survival ( fig. 3 b) , possibly due to a complex reaction of the IFN system [24, 25] . However, in Vero cells the effects were much stronger ( fig. 3 c) , suggesting that Vero cells are more susceptible to treatment with adenoviral vectors. Importantly, Vero cells trans- duced with a mutant VA RNA-deficient adenoviral vector expressing ␤ -galactosidase and GFP genes (rVAdAdgal-GFP) [26] were less sensitive to influenza A virus compared to the control adenoviral vector (rAd-gal-GFP), suggesting that VA RNA-deficient adenoviral vector is less toxic ( fig. 3 d) . This effect correlated with improved RNAi activity ( fig. 3 e) . Further analysis showed that transduction of Vero cells with rAd-GFP at lower MOI significantly reduced the death of infected cells ( fig. 3 f, g ). Again, these effects correlated with improved ing luciferase and plasmid expressing short hairpin RNA against luciferase. Luciferase activity was measured 36 h after transfection. p ! 0.05 for rAd-gal-GFP versus mock-treated cells, by Student's t test. f Transduction of Vero cells at low MOI reduces the toxic effects of rAd-GFP. Vero cells were transduced with rAd-GFP at different MOI, 5 days later they were infected with influenza A virus and the alive cells were counted ( f ) or analyzed by fluorescent microscopy 18 h postinfection (p.i.; g ). h Vero cells were transduced with rAd-GFP, similar to ( f ) and 5 days later cotransfected with plasmid expressing luciferase and plasmid expressing short hairpin RNA against luciferase. Luciferase activity was measured 36 h after transfection. p ! 0.05 for rAd-GFP at MOI 10 and MOI 50 versus mock-treated cells, by Student's t test.
RNAi activity at low MOI, as shown by luciferase reporter assay ( fig. 3 h) , whereas at high MOI RNAi activity was reduced to a level similar to that seen with artificial knockdown of Dicer, a key component of the RNAi pathway, ( fig. 1 c) . Importantly, analysis of noninfected A549 or Vero cells showed that transduction with rAd-GFP did not significantly affect the morphology or growth rate of the cells during the course of experiments. However, the reduced growth of Vero cells transduced at high MOI was observed 10 days after transduction (results not shown). Comparable results were obtained when Vero cells were infected with poliovirus (results not shown). Interestingly, similar observations were made by Kay and colleagues [3] and Chen and colleagues [4] , who showed that decreased expression of siRNAs reduced the toxic effects. Nontoxic doses of adenoviral vectors expressing shRNAs could be used therapeutically, and adenoviral shRNAmediated inhibition of expression of multidrug resistance protein 2 in a mouse model without detectable alteration of the cellular RNAi machinery was reported [27] .
Importantly, transduction of Vero at MOI 1 and A549 cells at MOI 20 of rAd-GFP, which gave similar GFP expression levels, did not lead to RNAi suppression and thus resulted in similar survival rates after infection with influenza A virus (results not shown).
Thus, optimized expression of shRNAs will provide a powerful tool for efficient and yet therapeutically safe viral gene suppression. Taken together, these results suggest that adenoviral vectors may affect RNAi and that Vero cells could serve as a model to study the effects of such vectors on the RNAi system. Further studies are required to determine whether RNAi is directly involved in the antiviral response, as has been suggested for primate foamy virus, VSV and HIV [9, 10, 19] , or whether adenovirus-mediated inactivation of RNAi leads to a loss of miRNAs which are involved in the control of other defensive systems and thus make cells more susceptible to infections. However, we cannot exclude the possibility that the higher susceptibility of Vero cells to adenovirus transduction compared to A549 cells and the increased toxicity of wild-type adenovirus compared to VA RNAdeleted virus may occur as a result of reasons unrelated to the RNAi and IFN system. Vero cells could express more viral receptors or allow a more effective internalization or nuclear transport of viral particles. This suggests that other cell lines could be used to evaluate the toxicity of adenoviral vectors when the proper MOI is employed.
Other viral vectors can be tested too.
In the present study, we focused on survival, which is one of the most important and informative parameters of the susceptibility of Vero cells to infection. However, similar investigations could be performed using more specific readouts, such as apoptosis or activation of different pathways. The advantage of Vero cells is that these cells are well characterized, can accommodate a large number of different viruses and are easier to handle than primary cells. Vero cells can be infected with SV-40, measles, arboviruses, reoviruses, rubella, simian adenoviruses, polioviruses, influenza viruses, respiratory syncytial viruses, vaccinia, and others [28] [29] [30] . Vero cells are used for many purposes, including screening and testing of bacterial toxins and pharmaceutical compounds, for the preparation of influenza virus vaccines and diagnostic reagents. Furthermore, Vero cells can potentially remove the necessity to generate specific cell lines and transgenic mice, which is costly and ethically problematic. Although used routinely in laboratory practice, other IFNproducing cells have limitations as a host system, since the effects of IFN may overshadow the contribution of other IFN-independent systems and RNAi [11] .
In summary, our results indicate that the Vero cell line could serve as an interesting model for studying the effects of gene delivery vectors on the RNAi system in the context of virus-related disorders.
